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(54) SPUTTERING TARGET. METHOD FOR PRODUCING THE SAME. PHASE SHIFT MASK 
BLANK AND PHASE SHIFT MASK 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a sputtering 
target capable of stably forming a film having diminished 
particles and a uniform film thickness. 
SOLUTION: The sputtering target consists of 70-97 wt.% 
silicon and the balance high melting point metal silicide 
in substance and the metallic structure has at least a 
silicon phase and a high melting point metal silicide 
phase consisting of silicon and the high melting point 
metal. The oxygen content of the target is <500 ppm and 
the nitrogen and carbon contents are <200 ppm each. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
* original precisely. 

2.**** shows the word which can not be translated. 
" 3.ln the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]At 70 to 97 % of the weight, silicon is a sputtering target which consists of high- 
melting point metal silicide substantially, and the remainder a metal texture, A sputtering 
target which has at least a silicon phase and a high-melting point metal silicide phase which 
consists of said silicon and said refractory metal and in which an oxygen content is 
characterized by content of 500 ppm or less, nitrogen, and carbon being 200 ppm or less. 
[Claim 2]The sputtering target according to claim 1, wherein said refractory metals are at 
least one or more sorts of metal chosen from a group which consists of molybdenum, 
tungsten, titanium, chromium, tantalum, and niobium. 

[Claim 3]The sputtering target according to claim 1 or 2, wherein a maximum droplet size of 
said high-melting point metal silicide phase is 20 micrometers or less. 
[Claim 4]Claims 1 thru/or 3 containing at least one or more sorts of elements chosen from a 
group of boron, Lynn, antimony, and arsenic 0.1 ppm - 0.5% of the weight are the 
sputtering targets of a statement either. 

[Claim 5]Claims 1 thru/or 4, wherein relative density is not less than 90% are the sputtering 
targets of a statement either. 

[Claim 6]A manufacturing method of a sputtering target in which a metal texture has at least 
a silicon phase and a high-melting point metal silicide phase which consists of said silicon 
and said refractory metal by the remainder consisting of high-melting point metal silicide 
substantially at 70 to 97 % of the weight in silicon characterized by comprising the 
following. 

High-purity-silicon powder of 32 micrometers or less of maximum droplet sizes. 

A process of mixing high-melting point metal powder of 20 micrometers or less of maximum 

droplet sizes. 

A process of forming metal silicide by filling up type for shaping with said powder mixture, 

heating at 1000 ** - 1300 ** under pressing pressure of the inside of a vacuum of 10 - 10 

'^Pa, and 0.1 - 3MPa, and making said silicon and a refractory metal reacting. 

A process sintered and elaborated at 1350 ** - 1450 ** under pressing pressure of 24.5 - 
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39.2MPa in a vacuum of 10 - 10 '^Pa, or an inert gas atmosphere of 5.32x10 ^ - 6.65x10 
4pa. 

[Claim 7]A manufacturing method of the sputtering target according to claim 6, wherein said 
refractory metals are at least one or more sorts of metal chosen from a group which 
consists of molybdenum, tungsten, titanium, chromium, tantalum, and niobium. 
[Claim 8]A manufacturing method of the sputtering target according to claim 6 or 7, wherein 
it heat-treats said high-purity-silicon powder and it is deoxidized at temperature of 1000 ** - 

1200 ** among a vacuum of 10 - 10 '^Pa before mixing with said high-melting point metal 
powder. 

[Claim 9]at least - in part ~ a claim ~ a phase shift mask blank which has the thin film 
formed using a sputtering target of a statement one to 5 either. 

[Claim 10]at least - in part - a claim ~ a phase shift mask which has the thin film formed 
using a sputtering target of a statement one to 5 either. 



[Translation done.] 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
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3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the InventionjThis invention uses silicon (Si) as the main ingredients, and relates to 
the sputtering target containing a refractory metal, its manufacturing method and a phase 
shift mask blank, or a phase shift mask. 
[0002] 

[Description of the Prior ArtJAs next-generation photolithography technique, the art of a 
phase shift lithography attracts attention. This art does not add change to an optical 
system, but is the method of raising the resolution of optical lithography only by change of a 
mask, and improves resolution by giving phase contrast between the exposing light which 
penetrates a photo mask. 

[0003]The halftone type phase shift mask is developed as one of said the phase shift 
masks in recent years. Since an optical semi transmission part has two functions of the 
shielding function which intercepts exposing light substantially, and the phase shifting 
function to which the phase of light is shifted (reversal), this does not need to form 
independently a light-shielding film pattern and a phase shifting layer pattern, and has the 
feature that composition is simple and manufacture is also easy. 
[0004]Conventionally, the optical semi transmission part of said phase shift mask is 
constituted by the thin film which consists of metal, such as molybdenum, silicon, and 
material that makes oxygen a main component. Said material is molybdenum silicide 
(MoSix), Mo and Si (MoSiO) which specifically oxidized, or Mo and Si (MoSiON). [ nitriding / 
Si / which oxidized ] 

[0005]lt is indicated by JP,1 0-7391 3,A by controlling the content of an oxygen content or 
oxygen, and nitrogen that the transmissivity of the optical semi transmission part of a phase 
shift mask is controllable. It is indicated by selecting the thickness of a thin film in this 
gazette that a phase shifting amount is controllable. By using such a material, an optical 
semi transmission part can be constituted from a film of a monolayer, and it is also 
indicated that it becomes possible to simplify stage film formation. 
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[0006]However, the film of the MoSiO system which is the conventional material, or a 
MoSiON system was weak in acid, such as sulfuric acid which will be used for washing etc. 
if the degree of oxidation nitriding becomes strong too much, and the set-up transmissivity 
and phase contrast had a problem which a gap produces. 

[0007]The design of the mask which uses KrF excimer laser light especially needs to set, 
and it is necessary to fully perform oxidation and nitriding from the necessity of making an 
extinction coefficient small. For this reason, it is generated more by the phase shift mask 
which consists of material mentioned above, and it **-comes to be easy of said problem. 
[0008]Since it is such, these days, it has acid resistance and high transmissivity with it, and 
the material of an Si system which can make an extinction coefficient small comparatively 
easily attracts attention. In order to form this Si system material to the optical semi 
transmission part of a phase shift mask, the method of carrying out reactive sputtering of 
the target of an Si system in the atmosphere of argon + oxygen (nitrogen) is adopted. 
[0009] 

[Problem(s) to be Solved by the lnvention]However, an oxide and a nitride deposit 
membrane formation of said Si system material on a target surface, and it becomes 
unstable discharging it as it raises oxidation of sputtering ambient, and a nitriding degree. 
For this reason, transmissivity and the homogeneity of thickness fall and the particle by 
abnormal discharge occurs frequently. Although the target (Plastic solid) used here is 
generally manufactured by a powder sintering process, when membranes are formed using 
the conventional low-density target, it is easy to generate abnormal discharge in a hole part 
etc., and easy to generate particle. Since Si is furthermore used as the main ingredients, 
conductivity poses a problem. That is, if sufficient conductivity for a target is not given, in 
DC sputtering, it will become discharge instability, and it will become difficult to form a good 
film. 

[0010]This invention tends to provide reduction in particle, an Si system sputtering target 
which it is stabilized and can form the film of uniform thickness, and a manufacturing 
method for the same. 

[001 1]This invention has little particle in a film, and tends to provide the phase shift mask 

blank and phase shift mask which have a thin film of uniform thickness. 

[0012] 

[Means for Solving the Problem]A sputtering target concerning this invention content of 
silicon, At 70 to 97 % of the weight, the remainder is a sputtering target which consists of 
high-melting point metal silicide substantially, and a metal texture. It has at least a silicon 
phase and a high-melting point metal silicide phase which consists of said silicon and said 
refractory metal, and an oxygen content is characterized by content of 500 ppm or less, 
nitrogen, and carbon being 200 ppm or less. 

[0013]the sputtering target of such this invention can perform stable membrane formation 
which controlled generating of particle, and it forms a film of uniform thickness — things can 
be carried out. 
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[0014]A manufacturing method of a sputtering target concerning this invention this 
invention, In silicon, at 70 to 97 % of the weight, the remainder consists of high-melting 
point metal silicide substantially, and a manufacturing method of a sputtering target in 
which a metal texture has at least a silicon phase and a high-melting point metal silicide 
phase which consists of said silicon and said refractory metal is characterized by 
comprising the following: 

High-purity-siiicon powder of 32 micrometers or less of maximum droplet sizes. 

A process of mixing high-melting point metal powder of 20 micrometers or less of maximum 

droplet sizes. 

A process of forming metal silicide by filling up type for shaping with said powder mixture, 

heating at 1000 ** - 1300 ** under pressing pressure of the inside of a vacuum of 10 - 10 

'^Pa, and 0.1 - 3MPa, and making said silicon and a refractory metal reacting. 

A process sintered and elaborated at 1350 ** - 1450 ** under pressing pressure of 24.5 - 

39.2MPa in a vacuum of 10 - 10 "^Pa. or an inert gas atmosphere of 5.32x10 ^ - 6.65x10 



[0015]According to a method of such this invention, stable membrane formation which 
controlled generating of particle can be performed, and a sputtering target which can form a 
film of uniform thickness can be manufactured. 

[0016]A phase shift mask blank and a phase shift mask concerning this invention have the 

thin film formed using a sputtering target of this invention in part at least. 

[0017]Such a phase shift mask blank and a phase shift mask of this invention have little 

particle in a film, and have a thin film of uniform thickness. 

[0018] 

[Embodiment of the lnvention]The sputtering target concerning this invention is explained in 
detail below. 

[0019]silicon is 70 to 97 % of the weight, and the sputtering target of this invention is a 
sputtering target in which the remainder consists of high-melting point metal silicide 
substantially - a metal texture - ** ~ with a silicon phase, even if small. It has a high- 
melting point metal silicide phase which consists of said silicon and said refractory metal. 
Said sputtering target is [ the content of 500 ppm or less, nitrogen, and carbon ] 200 ppm or 
less in oxygen content. 

[0020]When the silicon content in said TAGETO is carried out to less than 70% of the 
weight, there is a possibility that a military requirement (acid resistance, high transmissivity) 
may fall as an optical semi transmission part of the phase shift mask of the film formed by 
carrying out sputtering of this target. There is a possibility that membrane formation nature 
may deteriorate 97 % of the weight, and said silicon content may, on the other hand, cause 
abnormal discharge and increase of particle. The silicon content in said more desirable 
TAGETO is 70 to 95 % of the weight, and a still more desirable silicon content is 80 to 90 % 
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of the weight. 

[0021]lf the oxygen content in said TAGETO exceeds 500 ppnn or the content of nitrogen 
and carbon exceeds 200 ppm, when carrying out sputtering of this target, mennbrane 
formation of particle occurring will become unstable, and there is a possibility that the acid 
resistance over the acid etc. which are used at the time of washing may fall. 200 ppm or 
less of oxygen contents in said more desirable TAGETO are 100 ppm or less still more 
preferably. 100 ppm or less of content of nitrogen in said more desirable TAGETO and 
carbon is 50 ppm or less still more preferably. 

[0022]The metal texture of the target in this invention has at least a silicon phase and a 
high-melting point metal silicide phase which consists of said silicon and said refractory 
metal. This has the more stable direction which carries out silicide formation and exists 
from the case where a refractory metal exists alone, is stabilized and can perform 
sputtering. Although it is preferred to carry out silicide formation as for all refractory metals, 
it may exist alone in part. 

[0023] As said refractory metal, at least one or more sorts of metal chosen from the group 
which consists of molybdenum, tungsten, titanium, chromium, tantalum, and niobium, for 
example can be used. 

[0024]As for the maximum droplet size of said high-melting point metal silicide phase, it is 
more preferably desirable most preferably that it is 3-5 micrometers 10 micrometers or less 
20 micrometers or less. While the sputtering target containing the high-melting point metal 
silicide phase with which such particle diameter regulation was made controls the abnormal 
discharge at the time of weld slag and being able to control generating of particle more 
effectively, it becomes possible to equalize thickness. 

[0025]As for said target, it is preferred that relative density is not less than 90%. While the 
sputtering target which has such density controls control and generating of particle for the 
abnormal discharge at the time of weld slag, it becomes possible to equalize thickness. The 
relative density of said more desirable target is not less than 98% most preferably not less 
than 95%. 

[0026]As for said target, it is preferred to make at least one or more sorts of elements 
further chosen from the group of boron, Lynn, antimony, and arsenic contain 1 ppm - 0.5% 
of the weight. Since conductivity is further given to the target which makes conductive low 
silicon a main phase when the sputtering target of such composition contains said element, 
the stable DC sputtering becomes possible. 

[0027]Next, an example of the manufacturing method of the sputtering target concerning 
this invention is explained in detail. 

[0028](The 1st process) To the silicon powder of the high grade of 32 micrometers or less 
of maximum droplet sizes, first Molybdenum with a mean particle diameter of about 10 
micrometers or less. At least one or more sorts of element powder chosen from the group 
of tungsten, titanium, chromium, tantalum, and niobium are added, at least one or more 
sorts of element powder chosen from the group of boron with a mean particle diameter of 
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around about 10 micrometers, Lynn, antimony, and arsenic if needed are added, and it 
mixes. 

[0029]lf said maximum droplet size uses the silicon powder of the high grade containing the 
coarse grain over 32 micrometers, it will become an uneven cause of an organization not 
only by it becoming difficult to carry out densification at the time of shaping but by 
condensation etc, and it will become difficult to perform membrane formation stable at the 
time of sputtering. 20 micrometers or less of the desirable maximum grain particle diameter 
^ of silicon powder are 10 micrometers or less more preferably. 
[0030]Since said silicon powder is very apt to adsorb oxygen, 1000-2000 ppm oxygen 
exists about at the time of arrival of goods. When this silicon powder is used as a raw 
material, oxygen of said extent will be contained at a target. Since it is such, before mixing 

silicon powder with said refractory metal, it is preferred among the high vacuum of 10 

10 "^Pa that it is deoxidized at the temperature of 1000-1200 **, and the amount of oxygen 
uses silicon powder of about 300 ppm or less. By using such silicon powder as a raw 
material, it becomes possible to manufacture the target of hypoxia-izing (an oxygen content 
is 500 ppm or less) eventually specified by this invention. 

[0031]Even if it does not perform said deoxidization process, said silicon powder is not 
specified at all, if the amount of oxygen eventually meant by this invention is obtained. 
[0032]lf the high-melting point metal powder containing the coarse grain exceeding 20 
micrometers of maximum droplet sizes is used, it will become difficult to carry out 
densification at the time of shaping, and the dispersibility also falls to the pan with which the 
particle diameter of a high-melting point metal silicide phase becomes large. 20 
micrometers or less of maximum droplet sizes of desirable high-melting point metal powder 
are 10 micrometers or less still more preferably. As for the mean particle diameter of said 
refractory metal, it is preferred that it is 3-7 micrometers. When the mean particle diameter 
of this high-melting point metal powder exceeds 7 micrometers, big and rough silicide 
particles occur and there is a possibility of deteriorating film formation characteristics. On 
the other hand, if the mean particle diameter of this high-melting point metal powder shall 
be less than 3 micrometers, an adsorption gas ingredient will increase, and it becomes 
difficult to control the gas constituents in the target obtained as a result. The mean particle 
diameter of said more desirable high-melting point metal powder is 4-5 micrometers. 
[0033]When what has mean particle diameter coarser than 10 micrometers is used as an 
element like the boron added [ element powder and if needed ] like said molybdenum, there 
is a possibility of becoming an uneven cause of an organization not only by it becoming 
difficult to carry out densification at the time of shaping but by condensation etc. The more 
desirable mean particle diameter of these elements is 7 micrometers or less. 
[0034]lt is preferred to perform said mixing for 24 hours or more. In mixing of time shorter 
than this, the refractory metal to add has a possibility that the dispersibility of an alloying 
element like boron may fall from the first, and an organization may become uneven. 
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[0035](The 2nd process) A die is filled up with said powder mixture and it is heated at 1000 

-2 

** - 1300 ** under the pressing pressure of 0.1 - SMPa among the vacuum of 10 - 10 

^Pa. At this time, the silicon powder and high-melting point metal powder in said powder 
mixture react, and high-melting point metal silicide is compounded. Continue and in the 

vacuum of 10 - 10 "^Pa, or 5.32x10 ^ -a 6.65x10 "^Pa inert gas atmosphere, By heating 
' at 1350 ** - 1450 ** under the pressing pressure of 24.5 - 39.2MPa, the molded product 
containing said high-melting point metal silicide is elaborated, and a sputtering target is 
manufactured. 

[0036]Namely, by holding composition of high-melting point metal silicide with low pressure 
under the temperature of 1000 ** - 1300 **, and performing pressure sintering directly under 
[ melting point ] Si which is a main phase after that, Eburnation (relative density is not less 
than 90%) is attained, and it becomes possible to manufacture the sputtering target 
specified by this invention. 

[0037]The method of manufacturing the sputtering target of this invention is not specified at 
all, if the target specified by this invention is obtained. 

[0038]The manufactured sputtering target can perform stable membrane formation which 
controlled generating of particle, and can obtain uniform thickness and can form the acid 
resistance the former and more than equivalent, and the film of high transmissivity. 
[0039]ln this invention, a phase shift mask blank and a phase shift mask can be 
manufactured by forming a thin film on a transparent substrate with a conventional method, 
using said sputtering target. By forming a thin film and specifically forming the optical 
diffusion shell, for example on a transparent substrate, a phase shift mask blank is 
manufactured and a phase shift mask is manufactured by patterning the optical diffusion 
shell further. 

[0040]The phase shift mask blank and phase shift mask which were manufactured have 
little particle, and since they have uniform thickness, they have the good characteristic. 
[0041] 

[Example]Hereafter, the desirable example of this invention is described in detail. 
[0042](Example 1) The Si powder sifted out and made into 32 micrometers or less of 
maximum droplet sizes was deoxidized at the temperature of 1000 ** in the high vacuum of 

10 "^Pa, and the amount of oxygen prepared high grade Si powder of about 300 ppm or 
less, this high grade Si powder — Mo powder of 21 micrometers (mean particle diameter of 
10 micrometers) of maximum droplet sizes - 5wt% ~ it blended and mixed for 48 hours 
with the ball mill replaced with high grade Ar gas. It continued and was filled up with this 
powder mixture in the type for shaping made from black lead. After installing this type for 
shaping in the hot press device and holding 1150 ** x 1h by pressure 1.5MPa in the 

-3 

vacuum below degree-of-vacuum 5x10 . temperature up was carried out to 1390 **, and 
the precise sintered compact was produced by sintering on pressure 29.4MPa and 4-h 
conditions. 
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[0043] Predetermined machining and a grinding process were performed to the obtained 
sintered compact, and the target (127 mm in diameter and 6 mm in thickness) 1 was 
manufactured. 

[0044](Example 2) The Si powder sifted out and made into 32 micrometers or less of 
maximum droplet sizes was deoxidized at the temperature of 1 100 ** in the high vacuum of 

. 10 "^Pa, and the amount of oxygen prepared Si powder of about 250 ppm or less. 100 ppm 
of boron (B) powder with a mean particle diameter of 7 micrometers was blended with this 

- Si powder for Mo powder of 17 micrometers (mean particle diameter of 10 micrometers) of 
maximum droplet sizes 10wt%, and it mixed for 48 hours with the ball mill replaced with 
high grade Ar gas. It continued and was filled up with this powder mixture in the type for 
shaping made from black lead. After installing this type for shaping in the hot press device 
and holding 1200 ** x 1h by pressure 1.5MPa in the vacuum below degree-of-vacuum 5x10 

temperature up was carried out to 1400 **, and the precise sintered compact was 
produced by sintering on pressure 34.3MPa and 3-h conditions. 

[0045]Predetermined machining and a grinding process were performed to the obtained 
sintered compact, and the target (127 mm in diameter and 6 mm in thickness) was 
manufactured like Example 1. 

[0046](Example 3) The Si powder sifted out and made into 32 micrometers or less of 
maximum droplet sizes was deoxidized at the temperature of 1 100 ** in the high vacuum of 

10 "^Pa, and the amount of oxygen prepared Si powder of about 250 ppm or less. 12 ppm 
of Lynn (P) powder with a mean particle diameter of 4 micrometers was blended with this Si 
powder for Mo powder of 20 micrometers (mean particle diameter of 10 micrometers) of 
maximum droplet sizes 15wt%, and it mixed for 48 hours with the ball mill replaced with 
high grade Ar gas. It continued and was filled up with this powder mixture in the type for 
shaping made from black lead. After installing this type for shaping in the hot press device 
and holding 1200 ** x 1h by pressure 1.5MPa in the vacuum below degree-of-vacuum 5x10 

temperature up was carried out to 1380 **, and the precise sintered compact was 
produced by sintering on pressure 34.3MPa and 6-h conditions. 

[0047]Predetermined machining and a grinding process were performed to the obtained 
sintered compact, and the target (127 mm in diameter and 6 mm in thickness) was 
manufactured like Example 1 . 

[0048](Example 4) The Si powder sifted out and made into 32 micrometers or less of 
maximum droplet sizes was deoxidized at the temperature of 11 00 ** in the high vacuum of 

10 '^Pa, and the amount of oxygen prepared Si powder of about 200 ppm or less, this Si 
powder - Ta powder of 16 micrometers (mean particle diameter of 10 micrometers) of 
maximum droplet sizes 10wt% -- it blended and mixed for 48 hours with the ball mill 
replaced with high grade Ar gas. It continued and was filled up with this powder mixture in 
the type for shaping made from black lead. After installing this type for shaping in the hot 
press device and holding 1200 ** x 1h by pressure 1.5MPa in the vacuum below degree-of- 
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vacuum 5x10 temperature up was carried out to 1390 **, and the precise sintered 
compact was produced by sintering on pressure 34.3l\/IPa and 4-h conditions. 
[0049]Predetermined machining and a grinding process were performed to the obtained 
sintered compact, and the target (127 mm in diameter and 6 mm in thickness) was 
manufactured like Example 1. 
, [0050](Example 5) The Si powder sifted out and made into 32 micrometers or less of 
maximum droplet sizes was deoxidized at the temperature of 1000 ** in the high vacuum of 

" 10 '^Pa, and the amount of oxygen prepared Si powder of about 300 ppm or less. 210 ppm 
of arsenic (As) powder with a mean particle diameter of 4 micrometers was blended with 
this Si powder for Nb powder of 8 micrometers (mean particle diameter of 10 micrometers) 
of maximum droplet sizes 10wt%, and it mixed for 48 hours with the ball mill replaced with 
high grade Ar gas. It continued and was filled up with this powder mixture in the type for 
shaping made from black lead. After installing this type for shaping in the hot press device 
and holding 1200 ** x 1h by pressure 1.5MPa in the vacuum below degree-of-vacuum 5x10 

temperature up was carried out to 1350 **, and the precise sintered compact was 
produced by sintering on pressure 34.3MPa and 6-h conditions. 

[0051]Predetermined machining and a grinding process were performed to the obtained 
sintered compact, and the target (127 mm in diameter and 6 mm in thickness) was 
manufactured like Example 1. 

[0052](Example 6) The Si powder sifted out and made into 32 micrometers or less of 
maximum droplet sizes was deoxidized at the temperature of 1 100 ** in the high vacuum of 

10 '^Pa, and the amount of oxygen prepared Si powder of about 200 ppm or less, this Si 
powder — the Cr powder of 10 micrometers (mean particle diameter of 10 micrometers) of 
maximum droplet sizes - 10wt% — it blended and mixed for 48 hours with the ball mill 
replaced with high grade Ar gas. It continued and was filled up with this powder mixture in 
the type for shaping made from black lead. After installing this type for shaping in the hot 
press device and holding 1 100 ** x 2h by pressure 1.5MPa in the vacuum below degree-of- 

vacuum 5x10 temperature up was carried out to 1330 **, and the precise sintered 
compact was produced by sintering on pressure 34.3MPa and 6-h conditions. 
[0053]Predetermined machining and a grinding process were performed to the obtained 
sintered compact, and the target (127 mm in diameter and 6 mm in thickness) was 
manufactured like Example 1. 

[0054](Example 7) The Si powder sifted out and made into 32 micrometers or less of 
maximum droplet sizes was deoxidized at the temperature of 1200 ** in the high vacuum of 

10 '^Pa, and the amount of oxygen prepared Si powder of about 150 ppm or less, this Si 
powder - the Ti powder of 15 micrometers (mean particle diameter of 10 micrometers) of 
maximum droplet sizes - 10wt% — it blended and mixed for 48 hours with the ball mill 
replaced with high grade Ar gas. It continued and was filled up with this powder mixture in 
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the type for shaping made from black lead. After installing this type for shaping in the hot 
press device and holding 1200 ** x 2h by pressure 1.5MPa in the vacuum below degree-of- 

vacuum 5x10 temperature up was carried out to 1390 **, and the precise sintered 

compact was produced by sintering on pressure 34.3MPa and 3-h conditions. 

[0055]Predetermined machining and a grinding process were performed to the obtained 
. sintered compact, and the target (127 mm in diameter and 6 mm in thickness) was 

manufactured like Example 1. 
- [0056](Example 8) The Si powder sifted out and made into 32 micrometers or less of 

maximum droplet sizes was deoxidized at the temperature of 1100 ** in the high vacuum of 

10 '^Pa, and the amount of oxygen prepared Si powder of about 200 ppm or less. 400 ppm 
of antimony (Sb) powder with a mean particle diameter of 5 micrometers was blended with 
this Si powder for W powder of 9 micrometers (mean particle diameter of 10 micrometers) 
of maximum droplet sizes 10wt%, and it mixed for 48 hours with the ball mill replaced with 
high grade Ar gas. It continued and was filled up with this powder mixture in the type for 
shaping made from black lead. After installing this type for shaping in the hot press device 
and holding 1200 ** x 1h by pressure 1 .5MPa in the vacuum below degree-of-vacuum 5x10 

temperature up was carried out to 1400 **, and the precise sintered compact was 
produced by sintering on pressure 34.3MPa and 3-h conditions. 

[0057]Predetermined machining and a grinding process were performed to the obtained 
sintered compact, and the target (127 mm in diameter and 6 mm in thickness) was 
manufactured like Example 1 . 

[0058](Comparative example 1) the high grade Si powder of marketing sifted out and made 
into 32 micrometers or less of maximum droplet sizes — Mo powder of 12 micrometers 
(mean particle diameter of 10 micrometers) of maximum droplet sizes - 5wt% - it blended 
and mixed for 48 hours with the ball mill replaced with high grade Ar gas. It continued and 
was filled up with this powder mixture in the type for shaping made from black lead. After 
installing this type for shaping in the hot press device and holding 600 ** x 1h by pressure 

-3 

1 .5MPa in the vacuum below degree-of-vacuum 5x10 , temperature up was carried out to 
1350 **, and the precise sintered compact was produced by sintering on pressure 29.4MPa 
and 4-h conditions. 

[0059]Predetermined machining and a grinding process were performed to the obtained 
sintered compact, and the target (127 mm in diameter and 6 mm in thickness) was 
manufactured like Example 1 . 

[0060](Comparative example 2) the high grade Si powder of marketing sifted out and made 
into 32 micrometers or less of maximum droplet sizes - Mo powder of 15 micrometers 
(mean particle diameter of 10 micrometers) of maximum droplet sizes — 10wt% — it blended 
and mixed for 48 hours with the ball mill replaced with high grade Ar gas. It continued and 
was filled up with this powder mixture in the type for shaping made from black lead. After 
installing this type for shaping in the hot press device and holding 800 ** x 2h by pressure 

http://www4.ipdl.inpit.go Jp/cgi-bin/tran_web_cgi_ejje?atw_u=^^ 2/12/2009 



JP,2002-182365,A [DETAILED DESCRIPTION] 



Page 10 of 13 



1.5MPa in the vacuum below degree-of-vacuum 5x10 , temperature up was carried out to 
1390 **, and tlie precise sintered compact was produced by sintering on pressure 34.3MPa 
and 4-h conditions. 

[0061]Predetermined machining and a grinding process were performed to the obtained 
sintered compact, and the target (127 mm in diameter and 6 mm in thicl<ness) was 

. manufactured like Example 1. 
[0062](Comparative example 3) the high grade Si powder of marketing sifted out and made 

- into 32 micrometers or less of maximum droplet sizes -- Mo powder of 12 micrometers 
(mean particle diameter of 10 micrometers) of maximum droplet sizes - 15wt% - it blended 
and mixed for 48 hours with the ball mill replaced with high grade Ar gas. It continued and 
was filled up with this powder mixture in the type for shaping made from black lead. After 
installing this type for shaping in the hot press device and holding 850 ** x 2h by pressure 

1.5MPa in the vacuum below degree-of-vacuum 5x10 temperature up was carried out to 
1400 **, and the precise sintered compact was produced by sintering on pressure 39.2MPa 
and 4-h conditions. 

[0063]Predetermined machining and a grinding process were performed to the obtained 
sintered compact, and the target (127 mm in diameter and 6 mm in thickness) was 
manufactured like Example 1 . 

[0064](Comparative example 4) 10wt%, 40 ppm of boron (B) powder with a mean particle 
diameter of 10 micrometers was blended with the Si powder sifted out and made into 32 
micrometers or less of maximum droplet sizes, and Ta powder of 8 micrometers (mean 
particle diameter of 10 micrometers) of maximum droplet sizes was mixed to it for 48 hours 
with the ball mill replaced with high grade Ar gas. It continued and was filled up with this 
powder mixture in the type for shaping made from black lead. After installing this type for 
shaping in the hot press device and holding 1000 ** x 1h by pressure 1.5MPa in the 

vacuum below degree-of-vacuum 5x10 temperature up was carried out to 1250 **, and 
the precise sintered compact was produced by sintering on pressure 3MPa and 3-h 
conditions. 

[0065]Predetermined machining and a grinding process were performed to the obtained 
sintered compact, and the target (127 mm in diameter and 6 mm in thickness) was 
manufactured like Example 1. 

[0066](Comparative example 5) 10wt%, 4 ppm of boron (B) powder with a mean particle 
diameter of 4 micrometers was blended with the Si powder sifted out and made into 32 
micrometers or less of maximum droplet sizes, and Nb powder of 7 micrometers (mean 
particle diameter of 10 micrometers) of maximum droplet sizes was mixed to it for 48 hours 
with the ball mill replaced with high grade Ar gas. It continued and was filled up with this 
powder mixture in the type for shaping made from black lead. After installing this type for 
shaping in the hot press device and holding 900 ** x 1h by pressure 1 .5MPa in the vacuum 

below degree-of-vacuum 5x10 temperature up was carried out to 1200 **, and the 
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precise sintered compact was produced by sintering on pressure 34.3MPa and 3-h 
conditions. 

[0067]Predetermined machining and a grinding process were performed to the obtained 
sintered compact, and the target (127 mm in diameter and 6 mm in thickness) was 
manufactured like Example 1, 

[0068](Comparative example 6) the high grade Si powder sifted out and, made into 32 
micrometers or less of maximum droplet sizes - the Cr powder of 11 micrometers (mean 
particle diameter of 10 micrometers) of maximum droplet sizes — 10wt% — it blended and 
mixed for 48 hours with the ball mill replaced with high grade Ar gas. It continued and was 
filled up with this powder mixture in the type for shaping made from black lead. After 
installing this type for shaping in the hot press device and holding 1000 ** x 2h by pressure 

1 .5MPa in the vacuum below degree-of-vacuum 5x10 , temperature up was carried out to 
1250 **, and the precise sintered compact was produced by sintering on pressure 34.3MPa 
and 3-h conditions. 

[0069]Predetermined machining and a grinding process were performed to the obtained 
sintered compact, and the target (127 mm in diameter and 6 mm in thickness) was 
manufactured like Example 1. 

[0070]The sample (10 mm long, 10 mm wide) was extracted about the evaluation sample 
extraction position (a center, the top, a bottom product, the left, light) of the target 1 shown 
in drawing 1 of Examples 1-8 and the comparative examples 1-6 which were acquired, and 
relative density measurement, texture observation, and gas constituents were investigated. 
Specifically about relative density, the maximum droplet size of the silicide phase was 
measured about the Archimedes method by the PARARAIN impregnating method, and the 
organization (one 1000 times the magnification [ SEM, ] of this). About gas constituents, 
oxygen and nitrogen measured about inert gas fusion and an infrared absorption method 
(the trade name by LECO; EF-400 use), and carbon with combustion and an infrared 
absorption method (the trade name by LECO; HF-400 use). These results are shown in 
following following Table 1 (examples 1-8) and 2 (comparative examples 1-6). 
[0071]Sputtering is performed for the target of Examples 1-8 and the comparative examples 

-3 

1-6 which were acquired under the conditions of the argon gas pressure of 2.0x10 torr 
using a sputtering system (the trade name made from ULVAC; SH-550), A 5-inch wafer 
was made to deposit a film about 2000 A thick, the evaluation sample extraction position (a 
center, the top, and a bottom product.) of the wafer 2 shown in drawing 2 From the left and 
a light, the sample (10 mm long, 10 mm wide) was started, thickness was measured using 
the film thickness measurement system (trade name;alpha-Step200 by TENCOR), and 
dispersion in thickness was computed by [(maximum-minimum) / (maximum + minimum)]. 
The number piece of particle / wafer (p/wafer) measurement was carried out with the 
particle counter (WM-3). These results are shown in following following Table 1 (examples 
1-8) and 2 (comparative examples 1-6). 
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[0072]Each value of the above measurement is average value at the time of measuring one 
samples [ ten ]. 
[0073] 
[Table 1] 
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[0074] 



[Table 2] 
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[0075]The film formed from the twist carrying out sputtering of the target of Examples 1-8 
so that clearly from said Table 1 and 2, compared with the film formed from the twist 
carrying out sputtering of the target of the comparative examples 1-6. thickness dispersion 
is comparatively small - and the number of particles generations - a maximum of- 
decreasing extremely compared with the film of the comparative examples 1-6 turns out to 
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be 51 p/ wafer. 

[0076]lt turns out that the number of particles generations of the film formed by sputtering 
decreases especially as a target with the maximum silicide particle diameter small among 
the targets of Examples 1-8, and large relative density. 

[0077]The phase shift mask blank was manufactured by forming membranes on a 
transparent substrate with a conventional method, and forming a thin film, using the 
sputtering target of Examples 1-8. The phase shift mask was manufactured by patterning 
the optical diffusion shell of this phase shift mask blank. 

[0078]There was little particle, and it had uniform thickness and the phase shift mask blank 

and phase shift mask which were manufactured had the good characteristic. 

[0079] 

[Effect of the lnvention]As explained in full detail above, according to this invention, at the 
time of sputtering, by the reduction in particle and uniform thickness which were not able to 
be attained conventionally, further - acid resistance - high ~ formation of the thin film of an 
optical semi transmission part [ in / it is possible in forming a transmissivity film, and / a 
phase shift mask ] can be provided with a very useful sputtering target and a manufacturing 
method for the same. 

[0080]According to this invention, there is little particle in a film and the phase shift mask 
blank and phase shift mask which have a thin film of uniform thickness can be provided. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
' original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] The top view showing the evaluation sample extraction position of a target. 
[Drawing 2] The top view showing the evaluation sample extraction position of 5 
NCHIWEHA. 
[Description of Notations] 

1 — Target, 

2 - Wafer by which film formation was carried out. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
■ original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Translation done.] 
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^^-(DWMtrsK) . X/^y^'jy^B^tii^^L/cfiStM 
%tf^C^*^TOc;5:i.o ^'&L\^^iy^)-=iy1&i^(Om.iK 
Wm^i.. 20 n mJ-XTx J: 0 (ff S L < « 1 0 ft mJ.:^T 50 
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[0 0 3 0] BulEi/U I^SfC^I^^SiSL 
^l^/ci6(C, X^^iC^tS^t I 000~2000pp 

m<Dmmi}^WiEt^. c<Diyv::iy^^^mntbrm 

{ci&Se i:<DJ;-5^iii:*^P), i^U 3>|}>5j5J&i[HBi^il! 

;^^Pi:«ti:rI^-r§Btjti: l O"' ~ l O"' P a(DWiM^ 

1 0 0 0-1 2 0 o°c(Di^mi:Mmm&i'^'(:mm 
mti^m 3 0 0 p p m&.rcoiy u n ym^^m^^?> ctti^ 
ifjr^L\^\ c(Di:o^jiiyv:=tymn^m.niiLrmi^^ 
cmc^ox. mmmc^mMx^m^t Dimmit (m 
m^^mif5 0 0 p pmj-xT) <D^-y>y h^m^tt^ 

[00 3 1] MIBi/U 3y|»*{i, BljIBflS^mS^tf 

ni) (DTsntf M e>!|f s$ n§ t (DT-«^t/\ 
[0 0 3 2] $fc. miznuz 0 nm^m^^mn^-^ 

i^iilli^^«sf}^*ogM4S« 2 0 /i mt^T. $ 

$ L < « 1 0 ft mi;^TT'^So tulBiiiij*i^S« 

^miimt. 3~7 ftmT-*5iIi:*^$fSLV^o dtOiS 

S H/^MHBiiiB!ll^S^MI5^*(7)¥t^*5St4. 4 ~ 5 ft mT- 
[0 0 3 3] BUaB^U:/x>iO<t^^7C^i|^*fc<tt>''i^ 

Oftmj:offlv^t<D^ffli^§i:. i&mmcMmm 
i^vmiimi. 7 /xmi-:^"F-e$>?.o 

[00 3 4] mmm^lt. 2 4 ^PBl]M±tf 9 il i: 

[00 3 5] (^2 xm) m^s.^mm^mmicnm 

L> 1 0"' ~1 0"' P aCD^^tf, 0. l~3MPa© 
•/U7,l£1iTT 1 0 0 0°C~ 1 3 0 0°C{c:]!jpaft-r?)o 

0)^. mmm^m^^co u a ymm t mm}^-^mm^ 

l/^T> 1 O" ~1 0"' P a<0*?g>ti. «,L<tt5. 32 

X 1 o'~6. 6 5 X 1 0* p a^f^niS7.nm^^r\ 

24. 5~39. 2MP a07°^7.E:^)CDTT'l 3 50 

^-145 o'cfcibp^-rsc irfcj: ^mimm^^m-y 
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[0 0 3 6] ttSit>-^^ il^i[!^^JS>'U^^■^Fc0^fi!t^ 

1 0 0 o°c~ 1 3 0 o°C(Dumricri&f±TUi^u t 
coittciffirs^ s i (Drnj^wfuhmm^^no c t 
ic^-^x. mmit 9 0 %^±) ^mo. ^ 

[0 0 3 7] ^:jo. *S|B^CD7>/^y^'Jyy^-y'y K 

[0 0 3 8] gi3g^n/cx^^y ^ijy^"^-y>y 

/ ^— r ^ ^ ;l/CDfg4^ffl]ftf J L rcSS&^'S:^M^f7 d C i 

[0 0 3 9] *fe0^t^tei/^Tt±. H^ilSx/^y^5^l;y^"^ 
[0 0 4 0] iJ5i^nfcf4*Siy7 hx'xi'^^y^fecfc 

[0 0 4 1 ] 

[00 4 2] {%mm 1 ) 3 2 /i m\^xf\m\^ 

t/c S i Wi%-^ 1 O" Pa (Dift^^tf tCT 1 0 0 0 30 
°C<D®JST«^^fT-3T^^«*^l^3 0 0 p pmJ^iT 

H^*4@2 1 /im (^l^SSl 0/xm) (DMo|»*^5 
w t %SB^L^ Wm.k r 

BtcggSU KSjt5x 1 o" OTcom^4'(cfcv>T, 
I±;>3 1. 5MP aT'l 1 5 O'CX 1 h«jf Lfc^, 13 
90°C$T'#SL. Etl29. 4MPa. 4hO*ftT' 

[0 0 4 3] m^nrcm^^mcm^ommax. mwitu 

X^SSLx H^l 2 7 mm, jp^f 6 mm(0^-y<y h 1 

[00 4 4] mmm 2 ) mMm 32 n miu^nm^^^ 

l&l'fLTcS i 1 0"' P aOaiK^'t'tCT 110 0 

v(Dmmr'fmm^'n-^rmmmffm2 sop pmj-;^T 

©S Ht^m^mMLfco CCDS i )fJ)*tca:>;:IMl 1 7 /x 
m 1 0 ;i m) «M o^»*^ 1 0 w t 

nmi nmCDtiay (B) i|S»*^ 1 0 0 p pmSa^U 
HfMjtA r :«fXT'B^L/c:J}?--'l'5;l'T*4 S^^ii^L 50 
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SjgS X 1 0"' J-:^TOM^4'tc$5V^T, i±;'3l. 5MP 
aT 1 2 0 0°CX 1 himbfcm. 1 4 OOV^X^U 
E;']34. 3MPa. 3 hCO^^^T'jiia^tf ^ 

[0 0 4 5] n(bHrcmf^mm^(DmMi}ux. mmm 
x^ML. mmmi tmm. mui 2 7mm, m-^em 

m(D^-y-y h^ii)iL/co 

[00 4 6] mmm 3 ) 3 2 /i mOTtcift.^ 

WL/cS i 15^*^ 1 0" P aOmn^^iCX 110 0 
°C(0raaT)l^«^t7-pTK^«*\'*^2 5 0 p pmUT 

OS imm^mmLrzo ^kds immcmMm2o 11 

m (^mmi Oftm) (DMom^^\ 5wt%, 

eS4 /xmcDU y (P) 1^515^ 1 2 p pmie^L. 
MA r ;^'X-eg^l^L/c*-/l/5;l/T-4 smmU-^btco 

/Co c:tD^Jgffl§/^.i->>y hl^^lxXSgtc^gL. X^ie 
5x10"' J-;(T©K^4'ti:*3i^T, E;*: 1 . 5 M P a T 

1 2 0 0°CX 1 hUnLTzms 1 3 8 0°C$T^rgL, 
J±:^3 4. 3MPa, GhOm'^X^^^noCtiCj;: 

[0 0 4 7] m^nrz^mwicm^ommmx. mwm 
x^mb. mmmi tmm. issi 2 7mm, mtem 

[004 8] (.mmm 4 ) mxnm 32 n mi:A-ficm^^ 

^HtL/c S i 1 0'' P a (OMM^^lCX 110 0 

V(D'^^&xmmm^n'^xmmmio^^2 o o p pmj^^T 
cos im^^mmLtzo cos immcmMtmi s/x 

L, mmmA r i^7.xmmLrzt^~;\^z;ix 4 smmu 

L, M^msx 1 0'' Ji(T®X^>t>{c*3V>T, ffi:*] 1 . 
5MP aTM 2 0 0°CX I hlS*#L/c:f^, 13 9 0°CS 
Xm^ L, ffi;'7 34. 3MPa. 4h O^^xm^^n 

[0 0 4 9] mibnrcmmwKmmommax. mmta 
x^mu mmmi tmm. m 2 7mm, m-iem 

mcO^-y-y h^mmLfzo 

[0 0 50] cmmm 5 ) mMm 3 2 mj-xTtciiv^ 

^i-lt L/-C S i 1 0'' P a omM^fplCX 10 0 0 

v(D'umxjumm^n-^xmmmtim3 o o p pmj-xr 
CDS i if}^*^iiiiiL/-co COS immcmMma urn 

(W-mim I 0 iim) ON bl»*^ 1 0 w t %, ^l^lu 
@4 /imoat^ (A s) m^^2 1 0 p pmBB-&b, il? 

mi^A r i^7.xmi^L tz 5 )IX 4 8 ftPalrl-^ L 

/Co o-^~v>T, c(DrI^)|5^*^ll^i!i<7:);?!tjgfflSrtfc^ 
«t/co il<OfiRj^fflSi^*<y hyuxggtclSfiL, ^ 
^gS X 1 O" J-XTcOK^^'fCfeV^T, JE;'7 1 . 5 MP 
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a -e 1 2 0 0 °C X 1 himLfcm. 1 3 5 0 "CST'^S 
L. I£tl34. 3MPa. 6 h<D^ftT^J|ig^tf -5 cl 

. [0 0 51] mibnrcmmmcm^(ommi]\ix. mnm 
x^jSfiL, mmm\ tfsim. mm\ 27 mm. mtsem 

[0 0 5 2] mmm e ) m±m^ 3 2 /x mj^^^Tt^^v^ 

^HtLfc S i 1 0"' P a cOMM^^lcr 110 0 

'coumr-mmm^n-^xmmmii'^mz o o p pmt:^T 
© s 1 m^^^mLtco c(Ds i i^mcm:km.^ i o ^ lo 

m (^mim 10 iim) (DC r 1 0 w t 

u M^msx 1 0"' i;rf(oM^^iM'>r. i±ti i . 

5MP aT- 1 1 0 0°CX 2 hf^^LfctS, 1 3 3 0''CS 
T-^ffi J±:f]34. 3MPa. 6h O^ff T^^^It 

[0 0 5 3] m^tirzmmmcm^ommtux. mmm 
x^mL. mmm I t\s\m. MU\ 2 7 mm. 6m 20 

[00 5 4] mmm 7 ) m-xnm 3 2 mj.:^T(c^v^ 

^IttfcS i*»*;&l 0"' P a^i^K^'f tCT 1 2 00 

x(Dimx^fmm^'n-Drmmmifm 1 5 0 p pmj^^r 

©S iil^^^E^iiLfCo C«S 1 5^ 

m (¥i^JlSS 1 0 ;im) COT i 1 0 w t %ge^ 

ts i^^gA r:y^XT-gglLrc^1?-;b5;l'-p4 8B#P^tg 

«Sjg5 X 1 0"' i;^T<D«^4'{e:*3i>T. E:»: 1 . 30 
5MPa-ei 2 0 0°CX2 hfS#Lrd^> 1 3 90°CS 
L. )±;':34. 3MPa. 3h co^ff T'J^ijg^fT 

CO 0 5 5] m^i^rmmmm^<oimmii. mmim 
x^ssL. %mm\tmm. its 127mm, m^Qm 

[0 0 5 6] (USEflJ 8 ) 3 2 /i mt^TfClSl^ 

^i-tt L/-C S i Wi%^ 10"' Pa OiilS?gff fCT 110 0 
°COSjeT«m^tToTK^«/?)<l>J2 0 0 p pmJi^T 
©S i*^*^PiiL/co C©S i |»5|^tCg;»cS^9 fim 40 

i^mm \o\im) (D^m^^ i o w t %. 

5 /im^ry^tV (S b) mn^AO 0 p pmlB^ 

K^je5 X 1 0"' t^ToX^t'tctev^T, E:'3 1 . 
5MP aT- 1 2 0 0°CX 1 hfS^tLfctt. 14 0 0°CS 
E;'3 34. 3MPa. 3h (D^^XmMm'l 

[0 0 5 7] mt^nrzm^Wkm'&<DmmiajL. mnrn so 
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x^jssu mmm \ tmm. m \ 2 7mm. j?$6m 

[0 0 5 8] (J:bg?0IJ 1 ) 32 n m\;JiTim\^^ 

i&ifLrzr^m<Disimms nn^mcs mMiim\ 2nm 

(^mmi 0 urn) CDMo|J^7S^5 w t %ie-&L. M 

^55X1 0"' UTOS^pfilCfcl^T. Btll. 5MP 
zX'dOOVx I hU^trc^k. 1 3 5 0tST'#S 
L.}±tl2 9. 4 MP a, 4 h ©*ffT'^|g^f7^ C 

[0 0 5 9] m^nrcmmmcm^oMmx. mnm 
x^mu mmm \ tmm. mmi 27mm. msem 

[006 0] amm 2 ) 32 n mJ.XT^C|^V^ 

(¥1^S@1 0/im) (DMo*J^*^l Owt%iB^U 

Mn& A r T'BI^ L fc t^~Jl ^)IX4 8 BtPa^rg^ L 

^©5 X 1 0"' OT<0^^cf{C*3t/>T, E:*? 1 . 5 MP 
a-es 0 0°CX 2 hUWLfur^. 1 3 9 O'C^-^^rS 
E;'334. 3MPa. 4 hcD^#TMi|g%tTd C 

[0061] ^#?.^^fc^3^^^:^cm^^)1iW)PI. mmiia 

I^SSL. ^)i^ijl i[5H«. jfigl 2 7 mm, i?$6m 

[006 2] amm 3 ) a^^ms 3 2 /x mi^xr icm\^^ 
^ifLfni^mcoMnms i mmc. m±nmi 2 /xm 

(.^i^m 1 0 m) CDMom^^ 1 5 w t %gE^L. 
i^MJtA r ;y'7.T■fi^L/'c:4-^-;l/5/^■C4 8Btrs1rg^L 

^msx \ 0" i.xrcom^^ic$5\^^x. miii. smp 

a T 8 5 0 "C X 2 himLtcm. 14 0 0 "C^T^rU 
UE:'739. 2MPa. 4 h(0^nxm^^^'n^ C t 

[0 0 6 3] mibtircm^Wim^<Dmmhax. mwm 
x^^mL. mmm I tmm. mmi 27 mm, m-^em 

[006 4] (imm 4 ) m±m 3 2 /x mi;i.ricm^^ 

53Ht L/C S i I5^7|5tc. 8 /x m (^i^fi^I 1 0 /x 

m) COT a 1 0 w t ^i^fetl 1 0 m<Dt^U 

y (B) 3|SJ)*^4 0 p pmBE^L. ^S^^JtA r ;«fXT'B 
^L/c3l-'-;I/5;l/T*4 8^F^rF.^L/c„ o-:5v^T. iiO 

rg^i;)*^iisiii<D^ff^ffli!irt(c?t«L/co c(Dmm 

Sy^.tv-y h7"U7.gB(c^SU K2£g5 x i o ' J;^T 
OM^fti(C*3V>T, E:*:!. SMPaT'l 0 00t:x 1 
h^^Lfc^, 1 2 5 O^ST-^SL, E;'33MPa, 
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[0 0 6 5] mibnrzmmmcm^<DmMtiix. mnm 

[0066] itmm 5 ) m±nm 3211 m&rfim^^ 
^ifLtz s i mm^. MMmi II m cw-mm 1 0 n 

m) ^DNb|J)*% 1 Ow t %. Vmm4 iim(D7fiX3y 
(B) ppmM-^U ii)NfiJSA r;9"XT«L 

t^y hzfuxmrnimmu m^msx 1 0"' u^tos 

^ft3tC*3t.^Ts ffi;':!. 5MP aT-g 0 0°CX 1 hf«^ 
Lfcm, 1 2 00°CST'^SU E;']34. 3MPa, 

3 h (D^i^xmm^nd cticja ommrsmmmim 

Ltco 

[0 0 6 7] n^nrcm^micm^(Dmmi)nj:. mnm 
x^mu mmmi mm. mui 27mm. m-^em 

[00 6 8] amm e ) mMtm 32 n mVAyim^^ 20 
i^ifLfcmm^s imMic, mMmi 1 ^im a^i^n 

miOiim) (DC rm^^l Owt%g2^U JUMSA 

1 0" &LT<OM^^lC^\^^X. Ktll. 5MP aT' 1 0 

0 0°CX 2 himtfcm. 1 2 5 O'CtX^UL. Eti 
3 4. 3MPa. 3h(D^i^xm^^n^CtlCJ;:K>m 

[0 0 6 9] mibtircmmwicm^ommiiax. mmta so 
i^jssu nmmi tnm. m \ 2 7mm. /?^6m 

[0 0 7 0] m^nfcmmm 1 -sfccko'jtig^ij 1 ~6 
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(Dm 1 }c^-ri?-y>;/ h 1 (Dmm-^>-/fmf(^iiLm (-t 

h^T". JJ?hi^> iyyhs ^-f h) {COV>T-9-> 
(i^l 0mm. mi 0mm) ^g-lfttHt. ffl^^ltft 

^6. mm^-D^^^xiii^v*)-^ vm<Dm±nu(D$^m (s 

EM. fg^l OOOfg) ^tTofco Src. :^j"7.fiK^HcP 
(LECOttiil«p°pS ; EF-4 0 0^ffl) . f^Mim 

Lximm ' mnmm.mm ( l e c onmmsh^ : h f 

-4 0 0f$ffl) fcJ:»3PJ^^t7orco 

ss^ 1 immm 1 ~ s ) *5c}: t/TiBS 2 nmm 1 ~ 

6) (c^-To 

[00 7 1] src. n^ntzmmmisisAUtmm 

1 ~60:5?-'ir-y h^X/^y^'UV^'SB (ULVAC 
Sffip°n« : SH-5 5 0) ^fflV^T2. 0 X 1 O"' t o 

v\ 5'i'y^>>i-/Nfcip$*^fej:^2 ooo:ty^;^ 

hu-L.(Dm^mm-^'^rco m2ic7fkt'^x.^^2(Dwm 

^'T h) m. \ Omm, Ml 0mm) 

orcL. M;?^Mi?itiiJt§ (t e n c o RttiHiSp^p^ : 

alpha-Step20 0) ^fflV^Tltifi'JL. [ 
:^fS-«^jNffi) / («;^^a+S/J^^i) ] fcj;!?. M/f® 

(WM-3) {i:c):0>'^— r-f ^;l/i(tf-x/'i7xM (p 

/t):L><) trnw^fzo cne.(7)^m^Tiesi (^ss^J 

1-8) «3c}:Q"TBe«2 (J:t«^f?ijl~6) iC/Ts-To 

[0 0 7 2] ^:io. ^x}Lm\%(Dm^(D{mx 1 

[0 0 7 3] 

[«1] 



(8) !tt^2 0 0 2- 1 8 2 3 6 5 

13 14 













m 




SI 16 




TO 3»1 
SIS 
(%) 




mm fs 


d U . tj III vj 


O 


N 


C 


(%) 


1 


Si- 
5«t%Mo 


- 


lago"^ X 4h 


15 


95 


50 


<120 


30 


10 


15 


2 


Si- 
lOvttMo 


B 


1200*^: X 1h — 
1400'X; X 3h 


9 


97 


20 


30 


30 


<5 


10 


3 


Si- 
15«t%llo 


P 


1200^: x2h^ 
1380*0 x 6h 


18 


98 


100 


30 


20 


16 


18 


4 


Si- 
10irt%Ta 


- 


I250*1C X Ih-^ 
1390\: X 4h 


12 


92 


180 


90 


50 


11 


31 


5 


IOwt%Rb 


As 


laoo-c X ih-. 

1350t; x6h 


21 


87 


150 


100 


120 


28 


51 


6 


SI- 
]Owt%Cr 




1100"C x2h— 
1330'C X 6h 


12 


89 


240 


130 


100 


14 


34 


7 


Si- 
lOwtXTi 




1200"C x2h-^ 
1390'd x3h 


10 


94 


300 


120 


20 


20 


22 


8 


Si- 
10wt%N 


Sb 


1200X; X ih— 

1400t^ x3h 


32 


98 


70 


30 


50 


7 


12 


[0 0 7 4] * * [^2] 




















r ^f^^ (pprn) 


mm 

«E> o # 
C%) 




O 


N 


C 


1 


Si- 
5wt%lio 




600*t x Ih— 
1 350*0 x4h 


19 


75 


900 


300 


120 


40 


172 


2 


Si- 




800*t; x2h-^ 
1390"C x4h 


15 


83 


450 


200 


150 


32 


154 


3 


Si- 
15wt%Mo 




850t: x2h-^ 
1400*C x4h 


16 


72 


600 


200 


200 


43 


210 


4 


Si- 
10wt%Ta 


B 


tooot; X Ih— 
1250*lC x3h 


35 


B2 


580 


120 


500 


33 


101 


5 


Si- 
10iit%Nb 


B 


900*0 xlh — 
1200^: X 3h 


20 


88 


900 


90 


150 


15 


118 


6 


Si- 
lOwtftCr 




1000^ X Ih — 
1250*0 x3h 


12 


80 


200 


500 


400 


40 


132 



[0 0 7 53 mtiB. 1 ^XUMz-b^ibBMib-h^rjiXoicm 

[0 0 7 6] mc. mmmi'^8(D^—^^yh<Do^. 

[0 0 7 7] ^Si60IJl~8OX^^y:5f'jy^^-y-y h 



[0 0 7 8] mm^nrzimyy h x-xi^^^y^^tsj: 

[0 0 7 9] 

[00 8 0] $fc^ *fgB^tCj;n«'M't'(D/^— ri'^-'l/ 

So 



(9) !RfP^ 2 0 0 2 - 1 8 2 3 6 5 

15 16 
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